The structure of urban hierarchy and the role of cities of different sizes have drawn considerable scholarly interests and societal concerns. This paper analyzes the evolution and underlying mechanisms of urban hierarchy in China during the recent period of rapid urbanization. By comparing scale changes of seven types of cities (megacity, large city, Type I big city, Type II big city, medium-sized city, type I small city and type II small city), we find that allometry is the main characteristic of urban hierarchical evolution in China. We also test the validity of Zipf's law and Gibrat's law, which broaden the scope of existing studies by including county-level cities. We find that urban hierarchical distribution is lognormal, rather than Pareto. The result also shows that city size growth rates are constant across cities of different types. For better understanding of the mechanisms of urban hierarchical formation, we measure the optimal city size and resource allocation by the Pareto optimality criterion and non-parametric frontier method. The main findings are as follows: (1) scale efficiency is still at a relatively low level among the seven types of cities; (2) the economic efficiency of megacities and large cities is overestimated when compared to economic-environmental efficiency. Hence, this paper has two policy implications: (1) to correct factor market (land, labor and infrastructure investment) distortions among different types of cities for the improvement of efficiency; (2) to strengthen rural property rights to improve social equity, as well as land use intensity.
Introduction
The spatial and temporal evolution of urban hierarchy has drawn considerable scholarly interests [1] [2] [3] and societal concerns [4] [5] [6] . In China, labor and capital have been largely migrating to coastal metropolitan areas since the 1990s [7] [8] [9] , which has been contributing to serious urban problems, such as traffic congestion, environment pollution and resource limitation, alongside threatening social stability and sustainable development [10, 11] . To cope with these challenges and as part of the objectives to encourage rapid and healthy urbanization, the Chinese government has promoted policies to optimize the distribution of urban population. The main policy of the Twelfth Five-Year Plan Guideline [12] aims to support the development of small and medium-sized cities and to further restrict the expansion of megacities.
Although the Chinese government has been making efforts to build a healthy and sustainable urban system, the organization and mechanisms of the Chinese urban system remain less large city (5,000,000 ď size < 10,000,000), Type I big city (3,000,000 ď size < 5,000,000), Type II big city (1,000,000 ď size < 3,000,000), medium-sized city (500,000 ď size < 1,000,000), Type I small city (200,000 ď size < 500,000), Type II small city (size < 200,000). Urban area in the classification is defined by municipal district. Permanent resident population in the urban area is defined by residents who have lived in cities for more than six months a year. The official statistics data are announced by the Fifth Census data in 2000 and the Sixth Census data in 2010. This new classification also makes it urgent to investigate the proportion and change among the seven types of cities and to measure the deviation of the real distribution of urban hierarchy in China from the optimal distribution.
The Underlying Forces for Urban Hierarchical Formation
City system evolution is driven by two types of opposed forces: market force and government intervention [33, 37] . Efficiency and equity are dual goals for building healthy and coordinated urban hierarchy, and balancing market and government is a common principle for policy making [14] . However, China's current urbanization pattern is inefficient, both in size and structure [6] . Different from most urbanization processes in developed countries, China's urbanization is heavily guided by the Chinese government. The rapid urbanization in China is mainly due to large-scale industrial land development, housing construction and public facility construction [13] . In China, market prices do not always play a leading role in factor allocation to achieve effective use of resources. This causes serious problems, such as unsystematic development of urban land and over-investment of infrastructure in megacities, on the one hand, while schools and hospitals in small cities are fewer and have poor quality, on the other. This inefficient urbanization pattern also has a negative influence on social welfare accumulation [6] . Considering the resource limitation in China, this urban development pattern is not sustainable.
In summary, the rapid urbanization in China is largely driven by the accumulation of capital, labor and land. The efficiency of markets is still required to be improved. Questions, such as how to achieve an effective use of scarce resources and what is the optimal way to allocate them among different types of cities, are challenging issues in China's urbanization. By employing the Pareto optimality criterion, the general equilibrium model of the city economy [17] may offer insight for answering these questions from an optimum city size and city system formation perspective. Based on this general equilibrium theory, some empirical studies have explicitly studied city size and growth rates in China [33, [38] [39] [40] [41] [42] . Li Xun, et al. (2005) [39] use the DEA (data envelope assessment) model to evaluate 202 cities' efficiency from 1990 to 2000 and testify that urban efficiency is relatively low and diminishing from the east to the west. Fang and Guan (2011) [42] estimate and compare the efficiency of 23 urban agglomerations and find that input-output efficiency decreases gradually from the eastern region to the central and western regions of China. By evaluating and comparing five types of prefectural-level cities in China, Wang (2010) [33] argues that the development of megacities led by market forces facilitates economic efficiency and the optimal allocation of resources.
Overall, most literature of urban efficiency focuses on prefectural-level cities [39] [40] [41] 43 ], largely excluding county-level cities, which includes most small cities in China, and few study the whole city system. On the other hand, although some studies have discussed different types of cities' efficiency, the classification methods of cities are not different and mainly use the old classification system [38, 39] . Furthermore, there is a void of research on factor allocation efficiency among different types of cities under China's rapid urbanization. Hence, this paper estimates and compares input-output efficiency among different types of cities during the rapid urbanization period, according to the new classification standard, to contribute to a better understanding of urban hierarchical evolution and its inherent mechanism in China. 
Methods and Models
The empirical analysis is based on the Pareto exponent estimate and non-parametric frontier methods: DEA models [45] [46] [47] . The DEA model framework is composed of three parts: (1) measuring the "economic-environmental" efficiency of different types of cities by a non-radial directed distance function based on the BCC-DEA model; (2) comparing dynamic efficiency change by the sequential DEA-Malmquist index; (3) distinguishing differences between the actual value and the target value by the projected value function.
Estimate of the Pareto Exponent
According to urban residents (s) of the i-th city, the Pareto distribution cumulative function is:
The bi-logarithmic equation is:
PrpS i ą sq is of equal value to the rank of the i-th city (R i ). The regression model to estimate the Pareto exponent of "rank-size" distribution is:
where c is the constant term, β is the estimated Pareto exponent, t is the year and ε it is the disturbance term. Whenβ is close to one, this means the city system conforms to Zipf's law.
Non-Radial Directed Distance Function
The non-radial directed distance function is a linear programming method viewing pollutants as an unexpected output to assess the efficiency of decision making units (DMU) [48] . In the process of production, there are N kinds of inputs, x " px 1 ,¨¨¨, x n q P RǸ; M kinds of expected outputs, y " py 1 ,¨¨¨, y m q P RM; and I kinds of unexpected outputs, b " pb 1 ,¨¨¨, b I q P RÌ . The input-output vector of region k (k = 1, . . . , K) is px t,k , y t,k , b t,k q at time t (t = 1, . . . , T).
The envelopment of the k-th DMU at time t is derived by the non-radial directed distance function:
where k represents the capital input, L represents the labor input, E represents the land input, Y represents expected output (GDP), b represents unexpected output (pollutant), Φ represents the subduction factor of the unexpected output and η is the level of redundant inputs. Let λ j " z j`uj (z j " Φλ j ,u j " p1´Φqλ j ). In Figure 1 , Point A is set as a datum mark; the production frontier can reach Point C without taking pollutants into consideration and reach to Point B when taking pollutants as the unexpected output on the non-radial directed distance function [49] . The non-radial directed distance function is a linear programming method viewing pollutants as an unexpected output to assess the efficiency of decision making units (DMU) [48] . In the process of production, there are N kinds of inputs, 
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In Figure 1 , Point A is set as a datum mark; the production frontier can reach Point C without taking pollutants into consideration and reach to Point B when taking pollutants as the unexpected output on the non-radial directed distance function [49] . 
Sequential Malmquist TFP Index
We use the Malmquist TFP (Total factor productivity) index to measure the efficiency change of different types of cities and then to decompose this efficiency change into technical change and technical efficiency change. We use the Malmquist TFP (Total factor productivity) index to measure the efficiency change of different types of cities and then to decompose this efficiency change into technical change and technical efficiency change.
Assuming there are k-th (k = 1, . . . ,K) DMU at time t (t = 1, . . . ,T), use x t i,m inputs of m (m = 1, . . . , M) kinds to get n (n = 1, . . . , N) kinds of y t i,n . Technological frontier at the current period (t) is:
The output-based distance function is:
An output-based Malmquist productivity change index at time t is specified by Caves, et al. (1982) [50] as:
Additionally, the Malmquist productivity change index at time t + 1 is:
Using Equations (8) and (9), the DEA Malmquist TFP index from time t to t + 1 is defined as follows:
The sequential Malmquist TFP index can be decomposed into technical change and technical efficiency change:
Projected Value Function
The efficient use of a resource is to minimize the input for the given output. We employ the ratio of target inputs to the actual inputs to reveal the potential savings [49] .
The non-radial slack is defined as the amount of capital, land and labor that can be reduced by using the target projected function. The indices are defined as: Figure 2 shows the trajectory of the urbanization rate in China from 1949 to 2012. Based on the change of government policy and urbanization rate, the whole period can be divided into four stages. The year 1949 was when the People's Republic of China was founded. In the first stage (1949) (1950) (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) , the urbanization rate was 10.6% in 1949, and reached the peak at 19.8% in 1960, with about a 0.8% increase per year. In this period, economic recovery and development facilitated the migration from rural areas to cities. In the second stage ending with the launch of economic reforms (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) , the urbanization rate experienced a three-year decline (as Figure 2 shows), falling to 16.8%, and between 1965 and 1978, the urbanization rate was in long-term stagnation. This result could be closely related to economic stagnation in cities due to the Cultural Revolution and the policy of strictly controlling population flow from rural areas to cities that existed at that time. 1965 and 1978, the urbanization rate was in long-term stagnation. This result could be closely related to economic stagnation in cities due to the Cultural Revolution and the policy of strictly controlling population flow from rural areas to cities that existed at that time. Market reform and urbanization have been the main driving forces after the remarkable economic development of China, often noticed as a symbol of the East Asian Miracle [14] . Since 1978, market reforms had been successfully exceeding the gridlock between rural and urban areas, impeding the movement of labor, capital and goods and further advancing urbanization in China. In the third stage (1979-1997), market-oriented reform resulted in the development of coastal cities much faster than rural areas, which induced a large number of the labor force migrating towards coastal cities. Since 1979, the urbanization rate entered into the second-round rising period, and the year 1997 is the breakpoint for the fourth stage (as Figure 2 shows), since the urbanization rate has been much faster than before, which is a symbol of entering into the rapid urbanization period.
Urbanization and Urban Systems in China
From the perspectives of both theory and experience, urbanization is crucial to economic growth. The Chinese government aims to encourage this rapid urbanization. Relevant policies can be summarized as follows: "To energetically urge urbanization promotion" in the Tenth Five-Year Guideline (2001) [12] and "To promote active and steady urbanization" in the Eleventh Five-Year and Twelfth Five-Year Guideline (2006, 2011) [12] . Besides urbanization speed, the Chinese government also focuses on the quality of the city system. In the Tenth and Eleventh Five-Year Guideline (2001, 2006) , the government made a policy on building a coordinated and healthy urban hierarchy of different types of cities. However, in recent years, the overconcentration of population and rapid urban expansion induced city function disorder (traffic congestion, water shortage and air pollution as haze), especially in megacities, like Beijing and Shanghai. A new challenge for the Chinese government is how to achieve rapid and healthy urbanization. One key issue is changing the size and structure of cities to promote efficiency. In the Twelfth Five-Year Guideline (2011) [12] , a notable change is that the Chinese government has decided to relax the control on permanent resident permits in small cities. This policy will benefit the regions with a low urbanization rate and a high proportion of small cities.
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Spatial-Temporal Evolution of Urban Systems
Spatial-Temporal Evolution of Cities
According to the new classification criteria of seven types of cities in 2014, we analyzed the component and evolution of urban systems in China during the rapid urbanization period. We noticed that, due to population mobility, there is a large difference between resident population and household population, especially in megacities like Beijing and Shanghai. For example, in 2010, the household population of Beijing was 12,554,049; the resident population of the whole city and the urban area was 19,612,368 and 16,858,692, respectively. Therefore, the analysis of the composition and evolution of urban systems in China firstly needs to count the number of residents in urban areas accurately. The Chinese government carries out a national census every ten years, which is the official source for statistics on resident population in urban areas. Based on the Fifth and Sixth Census data, we analyzed the component and evolution of urban systems in China from 2000 to 2010. The results are shown in Table 2 . Table 2 shows the comparison of the number and population proportion of urban systems in China from 2000 to 2010. From Table 2 , we can see that there are two main dynamic characteristics of urban hierarchical evolution. (1) Quick expansion of megacities and large cities: The number of megacities increased from three in 2000 (Shanghai, Beijing, Chongqing) to six in 2010 (Shanghai, Beijing, Chongqing, Guangzhou, Shenzhen, Tianjin). For the same period, the population proportion of megacities increased from 6.7% to 11.2%. The number of large cities increased from seven in 2000 to 15 in 2010. Additionally, the population proportion went up from 8.6% to 12.9%; (2) Population outflow in medium-sized cities, Type I and Type II small cities: For example, the population proportion of Type II small cities decreased from 5.2% down to 2.1%, resulting in stagnation of small cities.
To investigate the changes in the number and proportion of cities of different sizes of China, from Table 2 , we can find that Type II big cities, medium-sized cities, Type I and Type II small cities compose the main body of urban systems in China. The population proportion of Type II big cities was close to 40% in 2010, much higher than that of other types of cities, followed by Type I big cities (15.2%), large cities (12.9%) and megacities (11.2%). Although the number of Type I small cities is the largest, the population proportion of these accounts for only 9.6%. The population proportion of Type II small cities is the lowest, with only 2.1% in 2010. The investigation of the dynamic trends of the urban hierarchical evolution in China revealed that: (1) both the number and population proportion of megacities, large cities and Type I big cities increased from 2000 to 2010; (2) the number of Type II big cities, medium-sized cities and Type I small cities increased, while the population proportion decreased; (3) both the number and population proportion of Type II small cities decreased. Table 3 compares the 10 largest cities of China in 2000 and 2010 as per the resident population size of urban areas. In 2010, the ten largest cities in China were Shanghai, Beijing, Chongqing, Guangzhou, Shenzhen, Tianjin, Chengdu, Wuhan, Suzhou and Dongguan. In 2010, Suzhou and Dongguan emerged in place of Harbin and Shenyang. In 2010, seven out of the 10 largest cities were from the eastern region; one (Wuhan) out of 10 was located in the central region; and two (Chengdu and Chongqing) in the western region. The fastest growing cities are Suzhou (6.6%) and Dongguan (6.5%); the slowest growing city is Wuhan (1.1%). The above data fully verify the main spatial and temporal evolution trend of the geographic concentration of population to the eastern metropolitan areas during the rapid urbanization period. In this context, whether the real distribution of urban hierarchy differs from the optimal distribution becomes an important question, we use Equation (3) to estimate the exponent of the "rank-size" distribution of cities in China in the rapid urbanization period. Figure 3 compares the distribution frequency of 663 cities in 2000 and 657 cities in 2010, by using histogram stats and the kernel density curve. In 2000, the average value of the logarithmic population size is 5.63; the value of kurtosis is 2.68; the value of skewness is 0.39; and the Jarque-Bera statistic is 18.63. In 2010, the average value of the logarithmic population size is 5.77; the value of kurtosis is 2.46; the value of skewness is 0.35; and the Jarque-Bera statistic is 20.56. According to the statistic test method, the feature of the distribution density curve of the urban hierarchy in China conforms to the lognormal distribution for kurtosis value being less than three; the skewness value tends to be zero; and the J-B statistic passes the significance test. Upon closer inspection, it can be seen that the value of both kurtosis and skewness somewhat declined from 2000 to 2010. The peak position shifts to the right side from 5.2 in 2000 to 5.4 in 2010, which reflects the fact that the number of megacities and large cities grew much faster in urban systems. Although the biased skew somewhat corrects this, the whole density curve still skews to the left side, demonstrating that the proportion of small cities in China is still too high at present. The regression result of the Pareto exponent in China using Equation (3) is reported in Table 4 . Figure 4 illustrates scatter plots of city size against city rank. The regression result of the Pareto exponent in China using Equation (3) is reported in Table 4 . Figure 4 illustrates scatter plots of city size against city rank. The regression result of the Pareto exponent in China using Equation (3) is reported in Table 4 . Figure 4 illustrates scatter plots of city size against city rank. According to Table 4 , the estimations of Pareto exponents are 0.867 in 2000 and 0.805 in 2010, which cannot be rejected at the 1% significance level. The estimation of the Pareto exponent (β) is less than one, which shows the intensified deviation between the real distribution and the optimal distribution of the urban hierarchy in China.
Empirical Test on Gibrat's Law
For the correlation between city size and city growth rate, existing studies [20, 28, 29] provided evidence of Gibrat's law on developed countries' samples. Can this finding be extended to developing countries, such as China? This paper examines the correlation between city size and city growth rate for all cities in China from 2000 to 2010. For the administrative division, adjustment causes an incomparable problem. After eliminating the adjusted sample, we got the comparable sample of 622 cities. Figure 5 illustrates the correlation between city size and growth rate. The horizontal axis is the natural logarithm of city scale. The vertical axis is the expansion ratio from 2000 to 2010. The result supports the hypothesis that the city-size growth rate is constant across cities of different sizes. This result also shows that there is no spontaneous adjustment for the optimal distribution of urban hierarchy in China. Hence, government intervention and policy guidance are needed for urban hierarchical optimization in China. less than one, which shows the intensified deviation between the real distribution and the optimal distribution of the urban hierarchy in China.
For the correlation between city size and city growth rate, existing studies [20, 28, 29] provided evidence of Gibrat's law on developed countries' samples. Can this finding be extended to developing countries, such as China? This paper examines the correlation between city size and city growth rate for all cities in China from 2000-2010. For the administrative division, adjustment causes an incomparable problem. After eliminating the adjusted sample, we got the comparable sample of 622 cities. Figure 5 illustrates the correlation between city size and growth rate. The horizontal axis is the natural logarithm of city scale. The vertical axis is the expansion ratio from 2000-2010. The result supports the hypothesis that the city-size growth rate is constant across cities of different sizes. This result also shows that there is no spontaneous adjustment for the optimal distribution of urban hierarchy in China. Hence, government intervention and policy guidance are needed for urban hierarchical optimization in China. 
Urban Hierarchy and Economic Efficiency
Comparison of Economic Efficiency and Economic-Environmental Efficiency
During the rapid urbanization period, labor and land used for urban construction in megacities of China increased about 50% and 227.6% respectively, which are 22% and 71% higher than the average level. This phenomenon is caused by a scale effect, which is the driving force for megacities' expansion [52] [53] [54] . Big city fever has become more and more serious in recent years and has threatened the sustainable development in China [53, 55] . From an economic perspective, sustainable development depends on technological innovation and resource allocation optimization. From the human development perspective, it depends on the transformation from GDP-oriented to environment-friendly development [56, 57] . In view of this, this paper estimates and purely compares the economic efficiency and the "economic-environmental" (EE) efficiency of seven types of cities, using the BCC-DEA model and the non-radial directed distance function.
The estimated result in Table 5 shows a positive correlation between city productivity and urban scale. When taking the negative externality of environment into consideration, the gap of productivity among different types of cities is reduced significantly. For example, in 2000, the pure economic efficiency of Type II small cities is 0.505, which rises to 0.892 for "economic-environmental" 
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Total-Factor Efficiency Change and Decomposition
We used the DEA-Malmquist index to measure the efficiency change among seven types of cities of China from 2000-2010 and then decomposed it into technical change and scale efficiency change. The result is reported in Table 6 . 
We used the DEA-Malmquist index to measure the efficiency change among seven types of cities of China from 2000 to 2010 and then decomposed it into technical change and scale efficiency change. The result is reported in Table 6 .
In Table 6 , the average estimated TFP of cities in China over the period 2000-2010 is 1.349. The TFP indices of megacity, large city and Type I big city are 1.475, 1.64 and 1.411, higher than other types of cities. The decomposition result shows that: (1) the "growth effect", generated by technical progress, plays the role of the first order driving force for city efficiency improvement in China. There is a positive correlation between city size and technical progress. The average estimated index is 1.280, and the index of large cities and megacities is 1.640 and 1.3, the highest of all types of cities; (2) The "allocation effect", generated by scale allocation, encumbers the efficiency promotion of the city system in China. The average estimated index is 1.049, less than the index of technical change, which strongly reveals factor allocation to be inefficient among cities of China in the rapid urbanization period. The lowest estimated indexes are 0.99 and 0.96 for Type I and Type II small cities, which shows that factor allocation inefficiency is very serious for these two types of city. On further inspection of the two sub-periods, we found that: (1) the average estimated index of technical change is 1.247 for the second sub-period, much lower than the first sub-period. This reflects that technology progress for efficiency improvement has been weakening sharply in recent years; (2) The average estimated index of scale efficiency is 1.028 for 2000-2005 and rises to 1.070 for 2006-2010, but is still much lower than the technical change index. This result demonstrates that although technical efficiency change significantly contributes to enhancing the TFP of Chinese cities in recent years, the scale efficiency is still at a relatively low level. Therefore, the allocation efficiency improvement among cities is a key issue for the total-factor efficiency improvement of cities in China.
Input Savings Potential
To use minimal inputs for a target output is a principle for factor allocation among different types of cities [45, 58] . Table 7 shows the potential savings of each type of city given by the sum of radial and non-radial slack adjustment, as in Equation (12) . Then, we used the projected value function to measure the real inputs against optimal targets, as in Equation (13) . The results are reported in Table 7 .
Megacities and large cities are efficient DMU on the production frontier. The result in Table 7 shows that: (1) the inefficient use of infrastructure investment is the most serious problem of Type I and Type II big cities, with redundancy degrees of 19.3% and 17.9%, respectively; (2) inefficient uses of land and labor are the primary problems in medium-sized city; with the redundancy degree reaching 9.9% and 8.3%, respectively, much higher than the inefficiency use of capital; (3) there is a large number of inefficient uses of urban land and labor in Type I and Type II small cities, with the redundancy degree of land reaching 29.9% and 29.0%, respectively, and the redundancy degree of labor reaching 14.2% and 26.0%, respectively. 
Conclusions
The speed and scale of China's ongoing urbanization is unprecedented [5] . In this paper, the spatial-temporal evolution and underlying mechanisms of urban hierarchy are unfolded. Focusing on the rapid urbanization period of China, we compared the demographic change of seven types of cities (megacity, large city, Type I big city, Type II big city, medium-sized city, Type I small city, Type II small city) from 2000 to 2010 and tested the validity of Zipf's law and Gibrat's law. To investigate the underlying mechanisms of urban hierarchy formation in China, we also investigated the optimal city size and efficient resource allocation by the Pareto optimality criterion and non-parametric frontier methods.
The results and conclusions are summarized as follows. First, allometry-the quick expansion of megacities and recession of small cities-is the main characteristic of the urban hierarchical evolution of China in the rapid urbanization period. Although urban hierarchical inequality mitigated somewhat during the study period, mainly due to the increase of big cities, for a coordinated and healthy city system of China, it is still required that more big cities emerge. This can ease the population pressure of current megacities, like Beijing and Shanghai. Second, the comparison of economic efficiency and economic-environmental efficiency shows that traditional measurement driven by GDP is overestimated in megacities and large cities. Third, scale efficiency among seven types of cities is still at a relatively low level: (1) inefficient use of infrastructure investment of Type I and Type II big cities is 19.3% and 17.9%, respectively; (2) inefficient use of land and labor in medium-sized cities is 9.9% and 8.3%; (3) there is a huge number of inefficient uses of urban land and labor in Type I and Type II small cities, with the redundancy degree of land reaching 29.9% and 29.0%, respectively, and the redundancy degree of labor reaching 14.2% and 26.0%, respectively.
These findings have profound practical and theoretical contributions. First, this paper distinguishes the exact period of rapid urbanization based on the trajectory of the urbanization rate of China and investigates the spatial and temporal evolution of urban hierarchy during this rapid urbanization period. Second, this paper firstly uses the official and uniform classification standard of cities (megacity, large city, Type I big city, Type II big city, medium-sized city, Type I small city, Type II small city), which enhances the practical contribution of the empirical results for the Chinese government.
From a policy perspective, this paper also has some significant implications. In recent years, the Chinese government has made policies to optimize the city system [33, 59, 60] , and city size [30] [31] [32] [33] 61, 62] , by strictly controlling registered population growth in megacities and loosening the regulation in small cities [12] . However, we should notice that government intervention cannot control the floating population, which makes up about 40% of the total permanent population in Beijing and Shanghai [44] . The attractiveness of megacities lies in higher wages, more job opportunities and more public goods (such as hospitals, schools and entertainments) for a better life [63] . However, megacities' expansion in China has sharply increased residents' commuting cost and local government's infrastructure investment in suburban areas, which saps city productivity, as well as residents' quality of life [37, 63] . Especially in recent years, the sharp increase of commuting distance has caused the problem of city function disorder. The Chinese government dominates urbanization development, both in size and scale, via land planning and infrastructure investment. The urbanization pattern in China is guided and quite different from that of many developing countries, which is largely market driven, but often leads to over-urbanization and the formation of slums. Government intervention plays an important role in urban boundary control and urban structure formation in megacities. To solve big cities' problem, the Chinese government should take two main measures: (1) effectively control megacities' boundary to prevent urban sprawl; (2) form and strengthen the polycentric urban structure, instead of the current monocentric urban structure. These two measures have proven to be relatively effective in other countries, including the United States. We also notice that government intervention should not be mandatory and should consider market forces and equitable resource allocation. For example, an effective way to guide population transfer from megacities to small and medium-sized cities and from megacities' central areas to sub-central areas is by improving the quantity and quality of public resources and facilities, which should contribute to both productivity and the equity of city systems.
In addition, manufacturing industrial clusters are over-concentrated in the big cities of China, which causes environmental and resource problems. To solve this problem, it is necessary to guide manufacturing industrial clusters to transfer from big cities to less developed areas, which can alleviate the pressure on the resources and environment of megacities and can also create opportunities for the development of lagging areas. With the increase of the production cost in coastal cities, some industrial location away from coastal megacities can be observed, but industrial upgrading remains slow.
Lastly, distortions in the factor market among different types of cities should be corrected to improve efficiency. The Chinese government makes a huge profit by land expropriation [64, 65] , which is an incentive for the overconsumption of land and urban sprawl in big cities. Steps should be taken to strengthen rural property rights [66] , which will effectively intensify urban land use efficiency and reduce the spatial expansion of urban land.
